Introduction
In several plants with gametophytic selfincompatibility systems, deformed tips of pollen tubes such as swelling, thickening of tube wall and rupturing have been observed in an incompatible style (5, 9, 16, 18, 21) . The tips are also deformed by interspecific pollination in Lilium; the morphology is characterized as branching or bulbing (2) . Although it is unclear whether the morphological change is directly correlated with selfincompatibility reaction or not, gross deformation of incompatible tube tips, especially tip swelling in Japanese pears, was reported earlier in this century (1, 24).
Self-incompatibility is considered to involve recognition and rejection reactions (14) . The former may be established as the function of glycoproteins produced in stigma and/or style (3, 4, 6, 13) , but little is known on the latter reaction. Although some glycoproteins associated with S-genotypes directly inhibit the incompatible pollen tube growth in vitro (11, 25), inhibitors with low molecular weights, which are widespread in plant tissues, or physiological stress, such as water stress, may also play a role in the rejection reaction. Subsequent to the specific recognition reaction on the stigma or in the style, the action of an inhibitor on pollen tubes may be a non-specific reaction.
The present paper reports on the morphological characteristics of incompatible pollen tube tips and those of pollen germinated on agar media containing several substances which are important in plant growth and development. Based on our findings, the relationship of tip deformation to selfincompatibility and self-incompatible rejection reaction from a morphological standpoint are discussed. Germinating pollen on agar medium was collected with a pair of tweezers, fixed as described above and subjected to the observation for SEM. Unless indicated otherwise, pollen tubes were gathered after a 24 hr incubation period at 10 mm from the central well. control, the inorganic substances educed different morphological responses by the deformed tip ( Fig.  3-A) . H3BO3 strongly accelerated tip deformation but CaCl2 did not. The deformed tips induced by H3BO3, however, seemed to have a regular, spherical shape. FC, OE and PEG strongly inhibited pollen germination and pollen tube growth in vitro (Fig. 3-B,  C) . These inhibitors caused excessive tip deformation (Fig. 4) . ABA mildly inhibited pollen tube growth and increased the number of deformed tips in the zone around the well. The concentration of ABA used may have been too low to express its full inhibitory potential.
Inhibitors (ABA, PEG, FC and OE) and promoters (H3BO3 and CaCl2) of pollen tube growth caused distinctive effects on fine structures of tube surface. Although the various structures were observed under SEM, they seemed to be characterized as several types. The typical characteristics of the surface are summarized in Table 2 .
In the control medium without H3BO3, majority of the tubes (70%) possessed smooth surface or surface with only localized furrows (Fig. 4-A) . These features were similar to those cultured in the presence of CaCl2 (Fig. 4-B) . The distinctive effect of H3BO3 was the formation of furrows along the pollen tube axis; 85% of the tubes exhibited furrows (Fig. 4-C) . The direction of these furrows differed from those observed on tube surface with deformed tips in vivo or in vitro. The furrows caused by H3BO3 appeared to be formed parallel to the tube axis, whereas those by inhibitors or in an incompatible style formed considerably irregular and often at right angle to the tube axis. The use of the growth inhibitors, ABA, FC and PEG, resulted in the formation of hollows near the tip zone (Fig. 4-D, E) . OE mainly caused concave or convex at the tip zone (Fig. 4-F) . Although severe pollen tubes having deformed tips with abnormally irregular surface furrows, both concave and convex, were often observed. The abnormality was not confined to the tip but at considerable distances from the tip. Judging from these observations, incompatible pollen tubes form unusual cell wall structures before ceasing growth, indicating that the recognition reaction is induced at fairly early stages of tube development; the rejection reaction sets in gradually before cessation of tube growth. However, it is not clear if both reactions are progressing simultaneously. In our previous experiments (10), the growth of incompatible pollen tubes in Lilium was retarded even though the pollinated styles were immersed into hot water 3 hr after pollination in order to overcome self-incompatibility. Apparently the incompatibility mechanism was operative by this time. This was the stage that incompatible pollen tubes grew, at most, one-fourth of the final length of the tubes in untreated styles and first contacted with transmitting cells of the style. This inhibition process in Lilium may correspond to the case of Japanese pears based on the morphological characteristics of pollen tubes that we observed.
CaCl2 and H3BO3, promoters of the pollen tube growth, did not have a strong effect on Japanese pear pollen. The basic medium contained 100 mg-liter-1 H3BO3, additional effect of H3BO3 for promotion of tube growth was not clear. However, H3BO3 affected the fine structure of pollen tube surface. Although the addition of CaCl2 into the medium had almost no effect, the H3BO3 caused fine furrows to form parallel to the tube axis. These furrows were different from those found on incompatible tube surface which were considerably irregular and often at right angle to the tube axis. The direction of furrows may determine whether or not pollen tube continues to elongate. Calcium ion is thought to stimulate the fusion of golgi vesicles, components of tube wall produced by golgi apparatus, at the tip of elongating pollen tube (17), whereas boron seems to enhance carbohydrate metabolism in pollen tubes (19, 23). The fine structure of tube surfaces found in Ca-treated Japanese pears indicate that Ca promotes the pollen tube growth in ways different from B.
Little is known about the structural composition and the soluble constituents of the stigma and transmitting tissue of the pear and how they affect pollen germination and growth. To avoid this complexity, a simple agar medium containing H3BO3 and sucrose was used in this study. Thus, tip aberrations observed on agar medium may not always correspond to those seen in the style. The inhibitors used in this study are believed to have physiologically important roles in metabolism of pollen tube growth. OE of Japanese pear, containing water soluble inhibitors, acted differently on the growth of incompatible and compatible pollen tubes (8); FC, which is the major toxin produced by Fusicoccum, has hormonal functions in plants similar to those of gibberellins and auxins, and anti-ABA on stomatal opening or breaking of seed dormancy (15). PEG is well known as a waterstress inducer against the plants (12). Furthermore, pollen hydration seems to be regulated by sporophytic self-incompatibility mechanism in Brassica (20). OE, PEG and FC strongly inhibited both the pollen tube growth and germination but ABA did not. However, structural features of the tips treated with ABA were similar to those treated with other inhibitors. Although marked deformations of tube tips, such as cracks, deep concave furrow and rough surface were often induced by the above inhibitors, and/or ABA, in both in vivo and in vitro studies, the appearances of the structures seemed to be fairly similar.
If the substance acting on recognition reaction is different from that on rejection reaction, recognition may be mediated by S-proteins as shown in many recent reports (3, 4, 6, 13) . However, actual inhibition after specific recognition reaction may not always require a specific inhibitor. This hypothesis is partly supported by the formation of callose deposits in cells of the stigmatic surface. This deposition of callose is the first visible step in the self-incompatible rejection reaction of Brassica. The rejection reaction is induced not only by the incompatible pollen grains but also by all sporophytic tissues of a sporophytic selfincompatible plant (22). Based on the morphological similarity of deformed tips induced in incompatible styles and also on agar medium containing inhibitors, the possibility remains that the probable inhibitor(s) acts on incompatible pollen tubes after specific recognition reaction. These inhibitory substance(s) and other stress-inducers are seemingly abundant in plant tissues.
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